This note is concerned with a description of the growth, in a motoneuron pool, of a discharge zone within and from the subliminal fringe, as excitation by a homogeneous afferent system is progressively increased. On being subjected to an afferent influx, a motoneuron pool, previously considered to be in the "resting" state, may be divided into two zones, one resting, the other excited (Sherrington8). Once reflex threshold is reached, the excited zone, in turn, contains a discharge zone and a subliminal fringe (Denny-Brown and Sherrington').
It seems certain that discharge from a neuron pool in the central nervous system demands summation of the action of a number of synaptic knobs (cf. Eccles and Sherrington2) and the conditions, for such summation are: (1) virtually synchronous arrival of impulses at the motoneuron (Lorente de No5'6); (2) sufficiency in number of impulses impinging upon the motoneuron (Ecdes and Sherrington2); and (3) immediate proximity of the active synapses (Lorente de No5 8). Of most immediate concern to the present account is the last of these conditions. Lorente de No has shown that activation of a very large number of synapses belonging to a given presynaptic path may remain ineffective in the sense of securing a postsynaptic discharge, yet a few of these same synapses active in concert with others of different origin, themselves of subliminal effect in isolation, may evoke a large postsynaptic discharge.5 6, Obviously the spatial decrement of subliminal stimulation must be great and the location of active synapses of prime importance in securing transmission.
Anatomical studies on the distribution of synaptic knobs on motoneuroris of the spinal cord (Lorente de No6) shows (1) that each presynap~tic fiber has on anv neuron but a small number of knobs and (2) that the knobs of any one fiber are not close together, but are separated by large spaces accommodating knobs of other origin. Assembling the experimental and anatomical facts, Lorente de No7 writes, "the conclusion should be that, in the case of ordinary multipolar neurons, effective summation does not take place wi'th impulses delivered to knobs located at distances from each other greater than the distances between the knobs from any fiber, nor with a number of knobs equal to the maximal of the largest cluster formed by any one fiber."
In order to observe the growth of a discharge zone from the subliminal fringe under the simplest possible conditions, advantage is taken of the fact that spinal motoneuron pools are supplied directly by a group of afferent fibers that arises in muscle and serves only for the mediation of myotatic reflexes (Lloyd4). In this way afferent volleys of functional homogeneity are secured. The reflex discharge evoked by stimulation of these afferen-t fibers is confined to arcs of two neurons. Furthermore, the afferent fibers forming direct connection with motoneurons have remarkably uniform characteristics in terms of fundamental properties, being all within the upper third of the A fiber spectrum (Lloyd3). This means that, with the short conduction distances involved, dispersion is not a significant factor, and the temporal requirements for transmission may be left out of the present discussion. The motoneurons, under the conditions of experiment, are provided with a single synchronized synaptic volley. The size of the volley, and hence the number of active synapses, is controlled by the strength of stimulus applied to the dorsal root and is measured directly by recordings of the conducted spike potential of the selected root. A measure :of discharge zone is obtained directly by the two-neuron-arc reflex discharge evoked by the measured dorsal root volleys and recorded from the ventral root. To measure the excited zone a test reflex volley, conducted through arcs of two neurons and of standard size, is employed and the facilitatory action of a measured variable dorsal root volley on the test reflex volley is found. Since in each experiment the sizes of excited zone and discharge zone are related to the same independent variable (the size of the dorsal root volley), they may be related to one another directly by eliminating the common variable. The experimentally derived curves relating size of excited zone and discharge zone to size of afferent volleys are similar from preparation to preparation or when a whole or part of a dorsal root is employed for afferent stimulation. When the curves are reduced from absolute values to percentages of maximal effect they superimpose one upon another. Representative curves of this type may be found in an earlier paper. 3 The solid line curve a of Fig. 1 , constructed in the manner described, relates the dimensions of the discharge zone, expressed on the ordinates as a fraction of the maximum discharge that could be evoked by the dorsal root volley, 'to the dimensions of the excited zone, expressed on the abscissae as a fraction of the maximal attainable excitatory effect of the dorsal root volley. caution is advisable lest Fig. 1 be indicates the reflex threshold of the motoneutaken to indicate that the discharge zone, at maximum, is coextensive with the excited zone. The maximum excited zone and maximum discharge zone are realized similarly by maximal stimulation of the selected and anatomically restricted afferent pathway, however, in absolute terms the maximal discharge zone is but a fraction of the maximal excited zone (DennyBrown and Sherrington,1 Lloyd3 fig. 4 ). The fact that the maxima are reached at the same degree of engagement of the presynaptic pathway is indeed an indication that the expanding subliminal ftinge had not saturated the motoneuron pool before the afferent path was maximally active, in which case expansion of the discharge zone would have continued without further increase in the su,bliminal fringe and the curve would have approximated that shown by the broken line curve b to the right in Fig. 1 .
The relation plotted in curve a is exactly that which would be predicted from the anatomical and experimental observations of Lorente de No.6 With the synaptic knobs of individual presynaptic filbers widely spread over the soma, the statistical chances that a cluster of knobs in any one region would be active a,s the result of weak stimulation of the presynaptic pathway are very small indeed, and the cells in consequence remain in the subliminal fringe. Then, as progressively greater numbers of presynaptic fibers are activated, the statistical chances for effective summation would increase progressively until the situation is such that the recruitment of each presynaptic fiber into the stimulated fraction is viftually certain to complete the activation of localized regions of the synpatic scale. From then on, as s'timulation is further increased, the chances are that the discharge zone would increase in approximate linear relation to the excited zone until the presynaptic pathway is maximally active. Now if one were to consider for the moment that, given synchronous volleys, the numbers of active synaptic knobs, irrespective of location on the soma, were the unique factor in determining the growth of discharge zone, it seems certain that the relation between discharge zone and subliminal fringe would -be linear from discharge threshold (t in Fig. 1 ) to discharge maximum, as represented by the broken line curve c to the left in Fig. 1 . Since the experimentally derived curve does not follow this course it is necessary to assume another factor, and it is shown to be sufficient to assume, with Lorente de No, that synaptic stimulation is a local process, with discharge taking place when all, or a majority of the knobs in a discrete zone are active in near synchrony. Summary 1. A curve is presented to describe the relation, in a motoneuron pool, between discharge zone and subliminal fringe as the degree of excitation, delivered through a homogeneous presynaptic pathway progresses from resting to maximum.
2. The curve is interpreted on the basic assumption that synaptic stimulation is a local process, with discharge occurring when all, or a majority of the synaptic knobs in a discrete zone are simultaneously active (Lorente de No). This assumption is sufficient to account for the experimentally defined relation. It is not a sufficient explanation to assume that numbers of active knobs, irrespective of location, determine the growth of a discharge zone from the subliminal fringe.
